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BACKGROUND: Spontaneous rupture of hepatocellular carcinoma (HCC) is common in Asia and
Africa, although the mechanism is unclear. In our previous study, we found that vascular injury
exemplified by collagenase synthesis and collagen degradation in small arteries was related to the HCC
rupture.
METHODS: In this study, transmission electron microscopy was used to study 22 specimens from
ruptured HCC and non-ruptured HCC.
RESULTS: In nine specimens of ruptured HCC, there was evidence of vascular injury with fewer cell
junctions and larger fenestrae in vascular endothelial cells. The phenomenon of increased endothelial
protein synthesis was also present. In the specimens of non-ruptured HCC, evidence of vascular injury
was found in only two cases (p < 0.01). Fewer cell junctions and larger fenestrae could increase the
permeability of the vascular wall. Increased protein synthesis in endothelial cells correlates with the
phenomenon that more collagenase is expressed in these cells. The resulting breakdown of collagen
could render the blood vessels weak; hence, these blood vessels are more prone to splitting/breakage.
CONCLUSION: We conclude from our study that this vascular injury may result in HCC rupture.
(Asian J Surg 2002;25(2):157–62)
INTRODUCTION
Spontaneous rupture of hepatocellular carcinoma
(HCC) is common in Asia and Africa,1 although the
mechanism is unclear. In our previous study, we reported
that vascular injury was related to the ruptured HCC.2
Vascular injury occurs mainly in small arteries, with
increased collagen degradation. For the purpose of
verification of the result, transmission electron microscopy
(TEM) was used to examine the vascular endothelium,
with the aim of consolidating our earlier findings.
Endothelial cells form a continuous layer lining the
vascular wall and are connected to one another by cell
junctions. In capillaries, they are punctuated with rounded
windows or fenestrae for molecules to penetrate.3 The
fenestrae have an average diameter of 0.1 µm in the
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sinusoidal wall.4 Tight junctions provide impermeable
seals between cells. Both intermediate junctions and
desmosomes provide firm mechanical union between
cells.5 The endothelium is relatively permeable to gases
and is impermeable to other elements; only a small
fraction (< 0.05%) of fluid can penetrate into the
intracellular space. The usual barrier function of the
endothelium is maintained by tight intercellular junctions
and by the integrity of the subendothelial matrix.6,7 The
permeability increases when the endothelium is stimulated
to opening its interendothelial junction.7,8 In the capillaries,
the increased permeability is made possible by fenestrae.
Mitochondria are the major source of cellular ATP.9
Rough endoplasmic reticulum (RER) is a system of
ribosome-studded membranes whose function is to
produce and export protein. Dilated or increased RER
reflects an increased demand for protein synthesis.10,11
In our previous study, we found that the expression of
collagenase in vascular endothelium was high. Therefore,
more mitochondria and RER are needed to synthesize this
enzyme, and collagen around the vascular wall is
degraded. Collagen fibrils are flexible and offer great
resistance to a pulling force. The breaking point of collagen
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is several hundred kilograms per square centimetre and
their extension at this point is minute.12 It has been
reported that the degradation of collagen predisposes
blood vessels to rupture.13 During vascular injury, collagen
is degraded by collagenase and the capability of its
vascular wall to resist a splitting force is decreased.
MATERIALS AND METHODS
From 1995 to 1997, samples were obtained from 11
patients with ruptured HCC who underwent hepatectomy.
During the same period, specimens from 11 patients with
non-ruptured HCC who underwent the same treatment
were selected randomly. None of the patients received
any preoperative treatment. The clinical parameters of the
22 cases are shown in Table 1. Since the interface of
tumour and normal liver area has a high concentration of
blood vessels,14 the tissue from areas without necrosis and
haemorrhage was selected for examination. Three samples
were collected from a single patient from different sites.
Preparing specimens for TEM
Samples were cut into 1–2 mm cubes and placed into
2.5% glutaraldehyde in cacohylate buffer (0.1 M sodium
cacodylate-HCl buffer, pH 7.4) for 4 hours at 4–8 oC. After
fixation, the specimens are rinsed in buffer, post-fixed in
buffered 2% osmium tetroxide, rinsed with distilled water
and dehydrated in graded ethanols. They were then
passed through propylene oxide and embedded in one of
the commercially available epoxy resins before being
polymerized overnight at 60oC. Thin sections (100 nm)
were cut, picked up on formvar-coated copper grids,
sequentially stained with uranyl and lead solutions for
contrast. They were then ready for examination using TEM.
 In the meantime, paraffin-embedded samples were
prepared for the study of immunohistochemistry. In this
study, the ABC method was used to stain the sections with
anti-collagenase and anti-collagen IV antisera. The results
were compared with TEM.
Instruments
The JEOL 100SX (Japan) transmission electron
microscope was used in this study.
Statistics
The Wilcoxon rank sum (W) test was used to compare
the variables of the group with ruptured HCC and the
group with nonruptured HCC. Fisher’s exact test was used
to compare the positive rates between the two groups.
Computations were performed with the Statistical Product
and Service Solutions program (SPSS Inc, Chicago, IL,
USA).
RESULTS
Vascular injury
From our previous study, the evidence of vascular
injury was found mainly in small arteries. In this study, the
ultrastructure of small arteries (diameter < 100 µm and
composed of endothelial cells and collagen fibrils) were
investigated. For each of these samples, nine different
fields were selected randomly for quantification. The
parameters assessed included the presence or absence of
cell junctions in the nine fields and the diameter of
fenestrae (calculated as the average of the nine fields).
Endothelial cells
 In the specimens of ruptured HCC, cell junctions
were seldom found between endothelial cells in small
arteries. The widths of fenestrae were larger. The average
diameter of fenestrae in sinusoid wall was as large as 0.3 µm.
Larger size and higher number of mitochondria and RER
were found in the endothelial cells of the vascular wall.
In the specimens from non-ruptured HCC, cell junctions
were present in nine patients. The average diameter of
fenestrae was less than 0.1µm in endothelial cells (Figures
1–3, Table 2). The size and number of mitochondria and
RER in endothelial cells were smaller.
Collagen
In the specimens from nine patients with ruptured
HCC, the structure of collagen in small arteries was damaged,
with non-distinctive banding. In the specimens from non-
ruptured HCC, the structure of collagen was normal and
compact with distinctively banded fibrils (Figure 4, Table 2).
A relationship between the clinical parameters of the
22 cases and the study results was not found. There was
no relationship between the diameter of fenestrae and
tumour size.
Morphometric analysis
The degree of vascular injury is indicated by the
amount of collagen degradation and by the larger diameter
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Figure 1A. Cellular junctions of endothelium in non-ruptured
hepatocellular carcinoma: cell junctions including tight junction-
like structure (T), desmosome-like structure (D) and intermediate
junction-like structure (I) present between the adjacent endothelial
cells (x 100,000).
Figure 1B. Cellular junctions of endothelium in ruptured
hepatocellular carcinoma: cell junctions are absent between the
adjacent endothelial cells (x 100,000).
Figure 2B.  Fenestrae of endothelium in ruptured hepato-
cellular carcinoma: wider fenestrae (diameter > 0.3 µm, arrow)
are present in the endothelium (x 100,000).
Figure 2A.  Fenestrae of endothelium in non-ruptured
hepatocellular carcinoma: normal fenestrae (diameter < 0.1 µm,
arrows) are present in the endothelium (x 100,000).
of fenestrae. Evidence of vascular injury was found in nine
patients with ruptured HCC, but among the samples from
non-ruptured HCC, only two had evidence of vascular
injury. Therefore, the incidence of vascular injury was
higher in patients with ruptured HCC than in patients with
non-ruptured HCC (Table 2).
Immunohistochemical study
In this study, the same pathological changes, including
high expression of collagenase from small arterial
endothelium and digested collagen around the vascular
wall, were found in the same specimens from patients
with ruptured HCC (Figures not shown).
DISCUSSION
In our previous study,2 we found that vascular injury
of small arteries included collagenase expression, and
collagen IV degradation was predominant, in patients
with ruptured HCC. After vascular injury, cytokines and
growth factors are released and act on endothelial cells to
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Figure 3A. Mitochondria and rough endoplasmic reticulum
of endothelium in non-ruptured hepatocellular carcinoma:
normal mitochondria (M) present in the endothelium (x 20,000).
Figure 3B. Mitochondria and rough endoplasmic reticulum
(R) of endothelium in ruptured hepatocellular carcinoma: larger
mitochondria (M) and R present in the endothelium (x 20,000).
Table 1. Clinical characteristics of 22 patients
Ruptured HCC Non-ruptured HCC p value
(n =11) (n =11)
Median age, yr (range) 51 (39–77) 54 (19–80) 0.717
Sex (M/F) 10/1 9/2 0.534
HBsAg positive, No. (%) 9/11 (81.8) 8/11 (72.7) 0.610
Cirrhosis, No. (%) 8/11 (72.7) 7/11 (63.6) 0.647
Tumour stage (TNM), No. 0.152
I 0 2
II 6 3
III 2 5
IV 3 1
Portal vein invasion, No. (%) 2/11 (18.1%) 2/11 (18.1%) 1.000
Tumour encapsulation, No. (%) 5/11 (45.4%) 6/11 (54.5%) 0.670
Tumour size (largest diameter), 10.7 (2.3–15.0) 5.9 (1.2–17.0) 0.050
median cm, (range)
HCC = hepatocellular carcinoma.
increase the permeability of the vascular wall.8
Inflammatory cells migrate into the vascular wall to
aggravate the process of vascular damage. Thus, wider
fenestrae and scanty cell junctions are found in endothelial
cells of ruptured HCC. Enlarged fenestrae can result from
the action of cytokines and growth factors, but the
mechanism by which cell junctions disappear is obscure.
Growth factors can stimulate the synthesis of collagenase
in endothelial cells. Under normal physiological
conditions, this is either low or absent. When vascular
injury occurs, basic fibroblast growth factor can stimulates
the endothelium to synthesize collagenase.15 In ruptured
HCC, the larger size and higher number of mitochondria
and RER in the endothelium might represent the increased
requirements of protein-collagenase synthesis. When
collagen is exposed to collagenase, the properties of collagen
are lost and it fails to protect the vascular wall from rupture.
The vascular injury described above is the cause,
rather than the result, of the tumour rupture. The specimens
that we selected were without necrosis and haemorrhage.
Erythrocyte
Nucleus
Nucleus
Erythrocyte
M
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Table 2. Comparison of parameters in two groups of patients
Items of study Ruptured HCC Non-ruptured p value
group  HCC group
Number of patients 1 9 0.002
with cell junctions in
endothelium
Number of patients 8 0 0.001
with larger fenestrae in
endothelium
Number of patients 9 3 0.030
with larger mitochondria
and RER in endothelium
Number of patients 9 2 0.009
with digested collagen
Vascular injury 9 2 0.009
HCC = hepatocellular carcinoma; RER = rough endoplasmic reticulum.
Figure 4A. Collagen in non-ruptured hepatocellular carci-
noma: the band structure of collagen showing distinctively
(x 100,000).
Figure 4B. Collagen in ruptured hepatocellular carcinoma:
the structure of collagen showing indistinctive band
(x 100,000).
Necrosis and collagen proliferation occur after hae-
morrhage.16,17 In patients with HCC rupture, collagen
degradation, rather than proliferation, was present.
It has been reported that ruptured HCC frequently
occurs in larger tumours but small ones can also rupture.1
Similar results were seen in our study (Table 1). Due to the
vascular injury, we postulate that a larger superficial
tumour can rupture more easily, but that spontaneous
rupture can also occur in smaller tumours due to the
presence of abnormal vascular lesions.
Based on the pathological changes above, we postulate
that the vessel walls in ruptured HCC are subjected to
rupture easily when there is an increase in vascular load
related to either portal hypertension or minor mechanical
injury. Intra-tumoral pressure increases with the formation
of haematoma, and the tumour ruptures if it is located on
the surface of the liver. If the tumour is deep inside the
liver, the sudden increase in tumour size secondary to
haematoma formation will split the overlying liver
parenchyma, leading to haemoperitoneum.18
From this study, we postulate that a pre-existing vascular
injury may bring about a spontaneous rupture of HCC
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when the blood vessels encounter high pressure or minor
mechanical injury. We conclude that spontaneous rupture
of HCC might be related to vascular dysfunction.
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